ABSTRACT: A monthly census of resident fishes in tide pools was made at 3 sites on the Portuguese west coast, from 1993 to 1997. A total of 43 tide pools was monitored. Results of manipulation (addition and removal) experiments are presented. There is a very high level of consistency in the numbers of species at 1 site. Experiments on removal and addition show that the number of fish in the pools returns to normal in a few weeks. The inter-annual fluctuations of recruitment are less pronounced as the fish grow, possibly due to density dependent mortality. At the other 2 sites, where the pools are disturbed by storms that reshape their contents and move large quantities of sand, there is a less consistent pattern. The agonistic behaviour of tide pool fishes is strongly related to the priority of access to holes and crevices and this may place limits on the number of fishes of a given size that can exist in each pool as a function of topograph~c complexity.
INTRODUCTION
There has been considerable debate on the mechanisms that determine population size and community structure in reef fishes (for a review see : Sale 1975 , Brock et al. 1979 , Doherty 1983 , Jones 1987a . Most of these studies have focused on coral reef fishes, probably due to the ease with which fish populations can be monitored in coral reefs and also to the challenge that the high diversity of fish communities on that habitat poses to fish ecologists. In particular, this debate has centered on the relative value of 2 types of models: (1) deterministic models in which fish communities are supposed to be in equilibrium, where competition and resource limitations are the major controlling factors (Itzkowitz 1977 , Brock et al. 1979 , Behrents 1987 , Dufour & Galzin 1992 ; (2) stochastic non-equilibrium models that assume that chance events caused by the spatial and temporal fluctuations on the availability of larvae and random vacations caused by the death of juvenile or adult fishes are supposed to determine the local composition of each fish assemblage, generating conditions that would allow the coexistence of high numbers of species, each below its carrying capacity (Dale 1978 , Sale 1978 , Doherty 1982 .
The strong fluctuations of rocky intertidal habitats would, at first sight, lead to the expectation that the fish assemblages that inhabit them would be subjected to strong stochastic disturbances, being intrinsically unstable. However, the few studies that have investigated spacio-temporal variability in rocky intertidal fish communities reveal a considerable level of stability and resilience of these communities when they are subjected to experimental disturbances (Thomson & Lehner 1976 , Larson 1980 , Grossman 1982 . Connell (1985) reviewed the relative importance of larval availability and post-recruitment processes in rocky intertidal invertebrate populations, and found that in a few cases larval supply may limit population size for some species, but in many others, larval supply is more than sufficient to ensure population renewal. In this situation, the predominant mechanism that limits population size is density dependent postrecruitment mortality.
In this paper we present data on the spatio-temporal variation of resident rocky intertidal fishes in tide pools, located on the west coast of Portugal.
MATERIAL AND METHODS
The study period ranged from January 1993 to December 1997. Three monitoring sites were established on the Portuguese west coast at Avencas (Site 1) (38"411N, go22'W), S. Pedro do Estoril (Site 2) (38"411N, 9" 22'W) and St. Cruz (Site 3) (38"56'N, 9" 27'W). The first 2 sites are less than 1 km apart but were treated separately because they differ markedly in their level of disturbance. Both are located in moderately exposed shores (sensu Lewis 1978) , but while at Site 1 the tide pools are located on extensive rocky platforms that reduce the impact of waves, those at Site 2 are less protected and are near a sandy beach. Winter storms in this last locality cause wide variations in the topography of tide pools, due to the movement of boulders and large quantities of sand, in and out of the pools. While the 2 above mentioned stations face southwest and are protected from waves for most of the year, Site 3 faces west and is subjected to strong wave action all year round.
At each station, a number of tide pools located in the mid-intertidal were selected. A summary of tide pool characteristics is given in Table 1 . A total of 43 tide pools (11 at Site 1, 16 pools at Site 2 and 16 pools at Site 3) was monitored. The pools at Site 1 and Site 2 were inspected monthly from January 1993 to December 1997, and those at Site 3 were visited monthly from June 1995 to June 1996 and at 2 monthly intervals in the remaining period.
During each inspection, all the fishes that could be located in the pool were collected with a hand net. Their species, sex (when possible) and total length (TL) were recorded. All fishes were kept in a bucket with sea-water until collecting was completed, and were subsequently returned to the same pool. Since the fishes tended to hide in crevices, holes and under stones when disturbed, each census was composed of several visits to the pool, separated by periods of several minutes, during which other pools were visited. This allowed the fishes to come out of their hiding places. All the stones present were removed to facilitate collection, and were replaced in the same position after the pool was censused. A census was considered complete after a visit in which no fishes were seen, despite intensive probing in holes and crevices. 
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No anesthetic was used for 2 reasons: (1) since the pools have large water volumes, it was not feasible to refill them with clean water after collection. Thls would mean that the fishes would continue to be exposed to anesthetic until the rising tide began to flush the pools; (2) Removal and addition experiments involved 3 additional sets of pools, at Site 1 and Site 2 (8 control pools, 8 removal pools, from which fishes were removed, and 8 addition pools, to which fishes were added). In control pools, all the fishes that could be collected were marked by cutting specific rays of the dorsal fin before release. In removal pools, the fishes were also marked but were returned to tide pools more than 500 m away. These pools (addition pools), that received the fishes removed from the removed pools, had been previously censused in the same lowtide. All 3 sets of pools were re-censused after 15 and 30 d after the manipulation. This procedure was performed in May/June and NovembedDecember of 1995, 1996 and 1997. Statistical analysis was performed using the computer program Statistica for Windows (ver. 4.5, C. Statsoft Inc. 1993).
RESULTS
The most common resident (i.e. fishes which after settlement live and breed in the intertidal zone sensu Gibson 1982) most common species in tide pools.
For each year we computed the average number of fishes of each species at each pool, by adding the numbers found during each visit divided by the number of visits. In Table 2 we present the values of the Kendall coefficient of concordance (W) for the study period, for each species and study site. Data on adult Gobius cobitis are not presented for Site 1 and Site 2 because they were very uncommon in tide pools. The same applies for both juveniles and adults of this species at Site 3.
The most striking feature of Table 2 is the high level of congruence between years in Site 1, the most stable of the 3 sites. However, even for Site 2 and Site 3 the values of W, which reflect the average rank correlation between consecutive pairs of years, are quite high. This conclusion applies for each species separately and for the total of the 3 species summed. This finding means that in each study site, each pool tended to show a consistent rank in the abundance of each fish category (juveniles or adults), which varied little from year to year during the study period. It could b e argued that the finding that each pool can be categorized by a given rank of fish abundance from year to year, reflects only its relative suitability for each fish category in comparison with other pools, and not a true stability of absolute numbers of fishes. To test this hypothesis a Friedman 2-way analysis of variance was performed for each study site and fish category. The results are presented in Table 3 .
The results indicate that the numbers of adult fish did not differ significantly along the study period, while the numbers of juveniles showed significant fluctuations. This result points to a greater stability in the numbers of adults when compared to juveniles (see Fig. 1 ). Indeed, when w e compared the ratio between the values of abundance between the years with the highest and lowest numbers of fishes for each category, we find that while for juveniles they can reach a value of 3.9, those of adults are only around 2.
In addition, although the data are still too few to reach firm statistical conclusions, the available evidence suggests that survival rate is negatively correlated with juvenile recruitment (Table 4 ) .
To assess the resilience of the fish assemblages present in the pools, removal and addition experiments were performed as described in 'Material and methods'. For each experimental and control pool, the number of fishes for each species prior to the manipulation and the number found 2 wk and 30 d after were compared (Table 5 ). The net gain or loss of fishes for that period was computed. The results are summarized in Table 6. L. pholis C. galerita G. cobitis Fig. 1 . Annual mean and standard error of monthly counts of juveniles (grey bars) and adults (white bars) of each species, observed in 27 tide pools of Site 1. and Site 2, during monthly samples in 1993, 1994, 1995 and 1997 (for all species: juveniles = fishes < 3 cm TL; LipophrysphoLis and Gobius cobitis adults =fishes > 6 cm TL; Coryphoblemmius galerita adults = fishes > 3 cm TL). Data from Site 3 was not presented because of the lack of monthly inspections. The same applies to data from 1996 at Site 1 and Site 2
During the f~rst 2 wk after experimental manipulation, the addition pools tend to loose fish when compared with the control pools, while the removal pools tend to gain fishes when compared with controls. Apparently, the return to values similar to those prior to disturbance occurred after Day 15, as indicated by the lack of significant differences between data collected 15 d and 30 d after the start of the experiments, except in a single case (November/December 1995) for reasons unclear to us.
Kolmogorov-Smirnov 2 sample tests performed on the distribution of fish sizes (class sizes differing by 1 cm TL), before and after the experiments did not reveal any significant difference for any fish species. Thus not only the pools tend to return to numbers similar to those prior to the experiments, but the size distribution tends also to be restored. Table 4 . Number of juveniles ( c 3 cm TL) present in tide pools and survival rate of each species (for Lipophryspholis and Gobius cobitis we considered the rate betwrrn the total number of fishes w~t h 6 cm TL and the number of juveniles presvnt m pools in each year; for Coryphoblemmiusgalerita we considered the rate between the total number of fishes with 3 cm TL and the number of juveniles present in pools in each year). The year of 1996 was not considered because we had only data from July to December Control L pholis + l 1 +29 + 2 -7 -8 -9 + l 2 -22 -1.7 -11 -16 -14 C. yaledta -9 -8 -5 + l 0 -16 -15 -9 -24 + 3 -4. + l -6 Total number of fishes + l 0 +42 -17 -9 -22 -16 + 4 -51 -28 -47 -25 -29 Removal L. pholis +40 +84 + l 3 + l 3 + l 6 +29 + 9 + l 1 t 1 5 + l 0 + l 7 + l 5 C. galerita +32 +42 + l 8 + l 8 + l 7 + 9 + l 5 + 6 + 9 + 3 + l 8 + l 6 Total number of fishes + 9 7 + 1 5 0 +35 +36 +26 +45 +29 + l 8 +29 +25 +39 t 3 1 Addition L. pholis -147 -147 -49 -10 C. galerita -36 -39 -101 -60 Total number of fishes -195 -197 -129 -80 The results obtained in May/June are particularly interesting because they were collected in a period of very strong recruitment of juveniles that could blur the differences between experimental and control pools.
DISCUSSION
The evidence strongly suggests that post-recruitmerit density dependent mechanisms control the numbers of fish found in tide pools and that these mechanisms are basically deterministic. This conclusion seems to be justified for the 3 species studied and is particularly strong in the case of Site 1. This is the most stable of the 3 places in terms of the variation in the amount of sand and boulders in the pools, which affect pool topography.
In an assessment of the relative importance of settlement and post-recruitment mortality as determinants of abundance of sessile invertebrates of rocky intertidal habitats, Connell (1985) found that the results of different studies follow 2 main categories: cases of high recruitment where the most important controls of population size occur after recruitment, and others, apparently less common, where larval supply seems to be the limiting factor. The studies with rocky intertidal fishes, namely those cited in the 'Introduction' and our own, seem to fall in the first category.
Resident rocky intertidal fishes of many different families characteristically show parental care, and the eggs are protected and thus keep inshore until hatching of feeding larvae (Gibson 1969 (Gibson , 1970 (Gibson , 1982 . Furthermore, there is some evidence that even the behavioural mechanisms that allow them to avoid dispersal, and remain near shore (Marliave 1986 (Qasim 1956 , Gibson 1970 , Milton 1983 , Gil et al. 1997 , and, at least in warm waters, have protracted breeding seasons with multiple spawnings (Lee & Chang 1977 , Miller 1984 , Almada et al. 1990 , 1994 , Faria & Almada 1995 .
This means that even if during a given period larval mortality in the plankton is high, there are many more opportunities in the same breeding season where more favorable recruitment could occur.
This situation of apparent high stability contrasts sharply with data published for marine pelagic fishes, where abundance is strongly affected by year class strength and can show variations that span more than 2 orders of magnitude (Wootton 1990) . It is important to note, however, that many pelagic fish data involve heavily fished commercial species of high latitude, which often have fairly restricted breeding seasons, and are much more dependent on larval survival, while the data for intertidal fishes that we could find refer mostly to subtropical or warm temperate species.
Another interesting feature that emerged from this study was the strong resilience of the assemblages, as shown by the addition and removal experiments. Recolonization of the defaunated pools resulted from the movements of fishes of all sizes, and not only from newly settled juveniles.
A few individuals that we recaptured in the original pool had been released more than 500 m away, which gives a n indication of the potential range of their movements. This mobility of benthic fishes contrasts with data published for coral reef equivalents, whose movements are often restricted to a single coral head or a fairly restricted area (Barlow 1984 , Thresher 1984 .
It is possible that, in general, fewer fish predators are found in the rocky intertidal zone than in coral reefs (Gibson 1988) , allowing for greater fish mobility, but simple scale effects can not be ruled out. While many coral reef studies involve patch reefs that are separated by deeper channels, our study sites were composed of large rock platforms that extended for hundreds of metres without important barriers, which would limit the movements of small benthic fishes. It would be interesting to perform similar studies on small rock outcrops and in rock pools isolated, for instance in large sandy areas.
A final question refers to the possible nature of postrecruitment causes of mortality. Food resources are not necessarily limiting if you consider the extreme abundance of invertebrate prey food, when compared to fish numbers. Other studies (Connell & Jones 1991 , Faria et al. 1998a show that topographic complexity of tide pool habitats is a major controlling factor affecting survival of juveniles and their numbers.
The great majority of rocky intertidal resident fishes from our study area, although not being territorial except for the breeding males, show well-developed agonistic behaviour repertoires in juveniles and adults of both sexes (Gibson 1968 , Almada et al. 1983 , Gon~alves et al. 1996 , Faria et al. 1998b .
A feature typical of the agonistic interactions of these fishes is the establishment of some kind of order in the 'right of priority' of access to shelter and resting sites, already noted by Almada et al. (1983) , and previously by Gibson (1968) , who called it 'diffuse territoriality'. The operation of a mechanism of this type will tend to evict from the pools fishes that are not able to find shelter and resting sites most of the time, or force them to more vulnerable locations in the pools. This could provide a mechanism that would explain why topographic complexity would determine some sort of carrying capacity that is not necessarily related to the food base available. Behrents (1987) had previously shown that for the goby Lythrypnus dalli Gilbert shelter availability limits fish densities and affects mortality rates.
We suggest that further studies along these lines may provide a better understanding of rocky intertidal fish communities.
